Households are responsible for 70% of CO 2 emissions (directly and indirectly). While households as agents of change increasingly become a crucial element in energy transitions, bottom-up mechanisms facilitating behavioral change are not fully understood. A scientific understanding of individual energy use, requires eliciting factors that trigger or inhibit changes in energy behavior. This paper explores individual energy consumption practices and behavioral aspects that affect them. We quantitatively study the determinants of three energy actions: (1) investments in house insulation, solar panels and/or energy-efficient appliances, (2) conservation of energy by changing energy-use habits like switching off unused devices or adjusting house temperature, and (3) switching to green(er) electricity sources. To address this goal, we conduct a comprehensive survey among households (N = 1790) in two EU regions: Overijssel, the Netherlands and Navarre, Spain. We use probit regression to estimate how behavioral factors, households' socioeconomic characteristics and structural attributes of dwellings influence energy related actions. Our analysis demonstrates that awareness and personal and social norms are as important as monetary factors. Moreover, education and structural dwelling factors significantly affect households' actions. These results have implications for governmental policies aimed at reducing residential CO 2 footprints and facilitating demand-side solutions in a transition to low-carbon economy.
Introduction
Keeping greenhouse gas emissions below critical levels defined by the Paris Agreement is essential for effective climate change mitigation. Mitigation efforts vary from using renewable energy sources, and new energy-efficient technologies, to changing management practices and consumer behavior by introducing policy measures and regulations on both production and consumption sides. However, changes in individual behavior and management practices as part of the mitigation strategy are often understudied [1, 2] . It has been proven that human activities and the associated increasing emissions of greenhouse gases (GHGs) are the main causes of global warming [3] [4] [5] [6] . On the global scale, households are responsible for 72% of GHG emissions [3, 7] . For example, in the UK 74% of total consumer emissions of CO 2 are influenced by households (directly and indirectly) [7] . Households' CO 2 footprint is shaped by different activities: energy use at home, transportation options and diets, each shaped by different factors and decided upon at different time scales. Behavioral change regarding transportation options depends on the availability of public infrastructure and job opportunities close to home, while shifts in diets is a process highly interwind with culture and social norms. Changes in these two CO 2 -generating activities are long-term processes, limiting the role an individual household may have in the short-run. At the same time, decisions regarding households' energy use in Europe are decentralized, with an intensive diffusion of alterations in individual energy use observed empirically in the past years [8] [9] [10] [11] [12] [13] [14] . Hence, this paper focuses on the residential energy use when studying the role of individual behavioral changes in reducing CO 2 footprint and contributing to climate-change mitigation.
According to Eurostat, European households are responsible for almost one-quarter of total energy consumption in Europe. 1 mitigation strategies worldwide [1, 15, 16] , empirical studies on individual energy-related choices and behavioral factors impacting them are scarce. In particular, while there are surveys exploring the adoption of energy technologies [8, [17] [18] [19] [20] [21] [22] [23] and examining pro-environmental personal and social norms [24] [25] [26] , they are rarely considered in combination. Moreover, behavioral factors and energy-technology choices are usually reported in an aggregated format, ignoring the fact that various socioeconomic groups may exhibit different behavioral traits. The increasing scholarly understanding of the bottom-up factors such as households socioeconomic and dwelling characteristics, and behavioral factors behind the demand-side potential for climate mitigation, could guide effective policy development and implementation that differentiates between various household groups and actions.
Why this heterogeneity is important? The essential role of household socioeconomic characteristics on energy-efficient investments (e.g., technology adoption) is acknowledged in several studies. For example, a positive correlation has been shown between income and the probability of investing in energy-efficient technologies [8, 19, 20, 22, [26] [27] [28] [29] . Some studies report that individuals with a higher level of education are more likely to adopt energy-efficient technologies [21, [28] [29] [30] [31] . The evidence regarding the impact of age is mixed: some studies suggest that there is a negative correlation [20] [21] [22] [30] [31] [32] , other studies report that middle-aged people are more active in this regard compared to youngsters [28] . Notably, these behavioral patterns may differ per type of investment [19] . Other studies highlight the importance of dwelling characteristics for individual choices. The tenure status of the residence (owned or rented) affect a likelihood of investments in energy-efficiency in buildings. In particular, owners are more likely to invest in insulation and energy-efficient appliances than renters [19, 33, 34] . Other dwelling characteristics -such as type (e.g. detached-house, apartment), size, location (e.g. rural, urban), and age of dwellings -appear to be important drivers of households energy-efficient investments 13, 19, 20, 29, 31, [35] [36] [37] . Among behavioral factors, the literature brings attention to the importance of households' awareness and personal interest for energy decisions [10, 23, 26, 35, [38] [39] [40] .
The current article contributes to this discourse by reporting the results of an original large-scale survey (N = 1790) in two the European Union (EU) countries. We present unique data on behavioral and sociodemographic factors of households and their dwelling characteristics, and offer a quantitative analysis of the main drivers and barriers related to household changes in energy-use behavior. The key theories in psychology provide a solid ground for identifying potential behavioral factors that are relevant for behavior changes in energy use. The goal is to quantify which factors -socioeconomic (e.g., income, age), behavioral (e.g., personal and social norms, knowledge and awareness about the environment, social influence) and structural (e.g., size and type of house) -trigger or attenuate a transition to a lower and greener energy footprint at the household level. The innovative contribution of this paper is threefold:
(i) Empirical testing of theoretical concepts: relying on theories of individual decision making from psychology, it develops a conceptual framework that integrates a variety of behavioral factors potentially relevant for studying energy behavior changes. The role of various behavioral factors is quantitatively studied using survey data; (ii) Heterogeneity: our analysis goes beyond the current empirical literature on individual energy behavior by focusing on detailed actions within the three main types of households' choices: investment, conservation, and switching among providers. Within these three sets, we examine nine different actions and their dependence on both socioeconomic and behavioral characteristics of households as well as on structural dwelling factors. Hence, our quantitative assessment zooms beyond aggregates, acknowledging the fact that various socioeconomic groups may exhibit different behavioral traits for different actions; (iii) Comparative research: the two countries in our sample permit us to compare households' choices and the role of behavioral factors across contexts. On the one hand, it allows testing whether behavioral factors included in the theoretical framework matter in different cases, strengthening the validity of the proposed theoretical framework. On the other hand, a comparison across countries accounts for institutional, cultural and climatic factors that do affect households' choices but are often difficult to capture explicitly.
The paper proceeds as follows. The framework underpinning the survey is grounded in psychological theories aimed at understanding individual decision-making (Section 2). Section 3 reports the survey design in the two EU cases. The empirical correlation analysis is complemented by the probit regression model to estimate the main determinants of household energy behavioral change (Section 4). Section 5 discusses the wider policy implications of this study.
Theoretical framework
Individual behavior change is a multi-stage process. In application to environmental-and energy-related choices, three behavioral change theories are commonly applied: theory of planned behavior (TPB), norm activation theory (NAT), and value-belief-norm (VBN) theory. TPB, formulated by Ajzen [41] and based on the theory of reasoned action, is one of the most influential theories in social and health psychology and has been used in many environmental studies [12, 42] . TPB assumes that an intention to change behavior is shaped by three main factors: human attitude toward a specific behavior, subjective norms, and perceived behavioral control. NAT, originally developed by Schwartz [43] , operates in the context of altruistic and environmentally friendly behavior. It is mostly focused on anticipating pride in doing the "right" thing and on studying the evolution of feelings of guilt. VBN theory [44, 45] explains environmental behavior and "good intentions" such as willingness to change behavior [25, 45, 46] , environmental citizenship [45] , and policy acceptability [47, 48] . In summary, TPB focuses on gain goal-frames, while NAT and VBN theories focus on normative goal-frames [25] . Some behavioral factors are common across these alternative conceptualizations of individual pro-environmental choices. While some empirical studies aim to test which of the theories explain choices better, others attempt to combine these theories to offer a more holistic view on individual decision-making [19, 49] . We follow the latter approach and introduce a framework that combines the strengths of the three key theories. Fig. 1 illustrates our conceptual framework that represents household energy behavioral change as a dynamic process unfolding in stages. Knowledge and awareness can have an important role in triggering individual behavior change [23, 26, 37, 38, [50] [51] [52] [53] . If individuals have enough knowledge and awareness about climate, environment and energy issues, a feeling of guilt may develop and activate motivational factors, which may lead to energy-related behavior change. Motivation is enhanced by personal and social norms [24, 54] , which can lead to a feeling of responsibility and provoke an individual to change their behavior. When intentions for the latter are high, individuals do a formal feasibility assessment according their income, dwelling conditions and own perceived behavioral control. Individuals compare their current energy-use habits with alternatives, and if things can be improved, the intention to pursue an alternative rises and may lead to a behavior change. This conceptual framework combines some behavioral constructs that are common between TPB (in red) and NAT (in green).
Methods
Following the theoretical framework ( Fig. 1 ), we developed a survey to quantify behavioral changes regarding energy use. The latter may Table A1 .1). Individuals can make investments: either big, such as in solar panels and house insulation, or small, such as in buying energy-efficient appliances [19, [55] [56] [57] [58] [59] . Alternatively, individuals may save energy by changing their daily routines and habits [13, [60] [61] [62] . Finally, individuals could switch to a supplier that provides green(er) energy [63] [64] [65] [66] [67] [68] .
We designed a household survey to capture drivers and barriers in a decision-making process regarding these three types of energy-related actions: investment (I), conservation (C), and switching providers (S). The actions are not mutually exclusive, they can be complementary and the survey aims to understand whether and how many of those are taken up by people. The additional survey questions eliciting economic and behavioral factors affecting these choices permit us to analyze the factors influencing the three types of decisions.
Questionnaire design
Our questionnaire contains five sections consisting of 55 main questions about sociodemographic characteristic (10), dwelling characteristics (6), energy consumption, behavior and sources (20) , personal attitudes and opinion (7) , and social networks (12) . The questions are designed in different formats based on the type and nature of information required: multiple choice (e.g. for education level, dwelling type, source of energy), Likert-type scale and semantic differential (e.g. for all behavioral factors), dichotomous and open-ended question (e.g. for energy consumption and behavior, and social network). The questionnaire was also translated into Dutch and Spanish, so that respondents can choose their preferred language among three (EN/NL/ ES).
While interpreting any survey results (Section 4.1), the possibility of a response bias should be considered. The wording of questions and response scales [19] , as well as the respondents' tendency to answer questions untruthfully, particularity for behavioral factors when they may feel pressure to give socially acceptable answers [69] , can all contribute to a response bias. To minimize the chance of response bias, our survey took a 3-fold approach by assuring cross-questions, validation by an interdisciplinary team of experts (e.g., psychologist, energy economist, sociologist, governance and policy expert, statistician) and by conducting pilot studies. In particular, to improve the survey quality and feasibility, we performed three pilot studies with: (a) a team of international experts (19 colleagues in the Netherlands and Spain); (b) a small sample of households in Overijssel; (c) a small sample of households in Navarre. The feedback from these pilots was integrated in the final questionnaire to increase its quality and the comprehension of questions by various participants.
Survey and responses
The final version of questionnaire was used for the large-scale survey and distributed in summer 2016 using the survey infrastructure of Kantar TNS, 2 which is an online multi-language, user-friendly, intelligent and interactive platform. Kantar TNS (formerly known as TNS-NIPO) has many years of experience with carrying out surveys and assuring that a sample of respondents represents a target population. We received 1790 valid completed questionnaires.
We conducted the survey in two provinces in Europe that differ in terms of climate, culture, GDP, technology innovation and diffusion, renewable energy sources, institutional rules, and policies. In summer 2016, 1035 households in the Overijssel province, the Netherlands, and 755 households in the Navarre province, Spain, completed our online questionnaire ( Fig. 2 ).
Analysis: probit discrete choice model
We assume that households' decisions regarding energy use -investment (I), conservation (C), and switching (S) -are independent of each other and can occur simultaneously. Our survey differentiates between sub-actions within each category. A household may invest in house insulation (I1), install solar panels (I2) or buy energy-efficient appliances (I3). Alternatively, energy use improves by switching off unnecessary devices (C1), turning down the heater / air conditioner (C2) or using less energy by changing daily habits (C3) such as running a full-load washing machine. Lastly, a household may improve its energy footprint by switching to green energy (S1), or switching to another green (S2) or conventional (S3) energy provider. For each of the choices, we developed a statistical model of the household energy decision process based on the discrete "yes" or "no" decisions for the three actions (I, C, S) and their respective sub-actions using a probit regression model [19, 30] . The expected utility of each of the sub-options is modeled as follows:
where y* ij is a latent variable that captures the utility of household j associated with its choice to implement sub-option i related to energy investment, energy conservation, or switching (I1-S3). x ij is the vector of explanatory variables, including socioeconomic characteristics of the individuals, dwelling characteristics, energy-use patterns, financial and ownership situation, as well as indicators for personal and social norms. β i is the parameter vector that needs to be estimated based on the survey data using maximum likelihood econometric methods, and finally, ɛ ij is the vector of error terms. Individual choice utilities and, hence, preferences of households cannot be observed directly from the survey data and are modeled using the probit discrete choice model decision rule:
This decision rule means that household j implements a particular sub-action, i (I1-S3), when its expected utility is non-negative, and the household does not implement a particular sub-option when its expected utility is strictly negative (Eq. (2)).
Under the probit discrete choice model, the probability of a household implementing a sub-option (I1-S3) is:
where Λ (x ij β i ) denotes the logistic cumulative distribution function [19] .
Results and discussion
In addition to presenting the survey descriptive analysis (Section 4.1), we perform the analysis of the survey data to examine the drivers and barriers related to household behavioral change toward a low-carbon economy. Firstly, we check the correlations between the behavioral factors (latent variables) to assess the validity of different items in our theoretical framework and to quantitatively assess the strength of these factors in a decision process (Section 4.2). Secondly, we employ the probit regression analysis to estimate the link between individual household attributes (socioeconomic and behavioral factors) and the likelihood of choosing one of the energy-related actions that contribute to climate change mitigation (Section 4.3). Table 1 provides descriptive statistics of the respondents in the two case-study provinces, as well as the corresponding summary statistics on the socio-demographic characteristics of the population in the two provinces. Tables 2 and 3 provide a brief overview of the descriptive statistics of the respondents, which represent the target population well. This information illustrates the distribution of socio-demographic and dwelling characteristics. Table 2 shows that our sample is sufficiently gender balanced in both case studies. Respondents in Navarre have a higher education level than in Overijssel, with the majority holding bachelor's or master's degrees. Regarding employment status, the majority of respondents in both cases are employed, followed by retired in Overijssel and unemployed in Navarre. More than half of the respondents in both provinces earn 10-50 thousand euros per year income. Nevertheless, there are more households with an income below 30 thousand euros in the Navarre case. This result may explain why the level of economic comfort in Overijssel is higher compared to Navarre.
Descriptive analysis
The majority of respondents surveyed in Overijssel (85%) live in houses, while 78% of the Navarre respondents live in apartments. Most respondents in both provinces own the place in which they live. The housing stock is generally older in Overijssel than in Navarre. In both case studies, the majority of households were not aware of the energy rating of their residence. Our conceptual framework (Section 2) shows several psychological factors engage in the multi-stages household behavioral change. These factors rooted in psychology theories and empirical studies [12, 24, 41, 43, 48, [70] [71] [72] [73] [74] . Appendix 2 shows how these factors are categorized and measured. Table 4 reports summary statistics on behavioral factors that could affect energy decisions of households. All behavioral factors are measured on a Likert scale of 1-7 (see Appendix 2) . The data illustrates that households in both countries have high level of awareness and strong on personal norms that confirm the understanding of the role of individual consumption in climate change. Social norms and perceived behavioral control, which is often associated with financial factors among others, score higher for Spanish respondents compared to the Dutch. Dutch households were more active in big investments including house insulation (6% more on I1) and solar panels (12.6% more on I2), and in switching to green providers (1.4 -3.8% more on S1,2) compared to the Spanish respondents. The latter appeared more willing to change habits -6.6% more respondents in Navarre practice switching off unused devices (C1) and 30% more actively adjust daily household-appliancesuse habits (C3) -compared to the Dutch. Table 5 presents the correlation matrix for the five latent variables representing behavioral factors for the Overijssel (upper triangular matrix) and Navarre (lower triangular matrix) provinces separately. In both cases, all five latent variables correlate positively and substantively. While personal norms (PN) correlate strongly with knowledge (CEEK) and awareness (CEEA, EDA), social norms (SN) have weak positive relationships: the correlation of knowledge and awareness (CEEK, CEEA, EDA) with social norms (SN) is two to three times smaller compared to personal norms (PN). Knowledge and awareness are more tightly connected to social networks for Spanish respondents compared to the Dutch. 
Correlation analysis

Regression analysis: understanding households' likelihood to pursue individual-level climate change mitigation actions
Tables 6-8 present the results of the regression analysis using the probit model in STATA 14 for each of the sub-options and include the coefficient levels as well as their p-values. P-values associated with each of the regression parameters β i indicate whether a particular variable is statistically significant, as well as the level of its statistical significance (see Section 3.3). We consider 1%, 5%, and 10% levels of significance in the interpretation of the probit regression results.
Factors affecting the probability of a household investing
We also observe that the country variable (ES vs. NL) has a strong (99% confidence interval) influence on taking a decision to install solar panels. Dutch households are more active in installing photovoltaic solar panels (PVs). Naturally, country-specific fiscal rules, climate change mitigation regulations, culture, and climate may act as drivers or barriers in our two case-study provinces.
Under socio-demographic factors, education has a positive and very significant impact on insulation and PV installation (I1, I2 in Table 6 ). The probability of taking these actions increases with the level of education (95% confidence interval). Higher economic comfort leads to more investments in appliances (I3, 95% confidence interval). Households seem to be ready to make investments in energy-efficient appliances as soon as they can cope with their other expenses and live comfortably given their income. Also, we observe gender having a very significant (99% confidence interval) impact on installing solar panels (I2), with men being more likely to make this decision than women. Personal norms in regard to environmental issues appear to be very significant in all three investment decisions and have a positive role: a higher level of personal norms leads to more investments ( Table 6 ).
Regarding the characteristics of the residence, we observe that type (apartment vs. house), age, and size have impacts on households' big investment decisions (I1, I2). Type of residence is very significant (99% confidence interval): owners of houses are more eager to install solar panels and invest in insulation. Age of the residence has positive impacts (99% confidence interval) on the likelihood of being insulated. Older buildings tend to be insulated more often as compared to new buildings that already have high energy ratings. However, age has a negative impact (95% confidence interval) on the likelihood of installing solar panels, with more PVs installed on new buildings than on older ones. Size of residence has a positive and significant impact on large investments: owners of larger residences are more likely to invest in PVs or to insulate their houses. The fact that large houses are usually owned by people with higher incomes, and potentially have more energy leakage, makes insulation a priority for their owners among other energy-efficient decisions. Also, larger houses have larger rooftop areas to install PVs. We also found a meaningful correlation between the energy label of residence and investing in insulation (Table 6 ).
In general, the probability of households' investing is highly correlated with residents' education level (95%), personal norms (90-99%), and type (99%) and size of their residence (90-95%). Hence, personal intentions, knowledge and awareness, and type and size of a house are Here the blue I-group refers to investments (I1 -in house insulation, I2 -in solar panels, I3 -in energy-efficient appliances); the orange C-group refers to conservation due to a change in habits (C1 -switching off unnecessary devices, C2 -moderate inside temperature regulation, C3 -adjusting daily habits such as running a full-load washing machine); the green S-group refers to switching (S1 -to green energy, S2 -switching to another green provider, S3 -to a conventional energy provider). Source: own survey. core in promoting energy-efficient investments among households.
Factors affecting the probability of a household conserving energy
Energy conservation actions (C1-C3) correlate significantly with the country (Table 7) . Specifically, Spanish households are more active in switching off unnecessary devices (C1, 99% confidence interval) and using less energy (C3, 99% confidence interval), while Dutch households are more likely to reduce their use of the heater / air conditioner (C2, 99% confidence interval).
Analysis of socio-demographic factors highlights the roles of gender and economic comfort. Gender bias is observed under C2 and C3 decisions: women pursue more energy conservation compared to men. Moreover, we detect that households not satisfied with their current economic situation are more likely to try to save money by reducing their energy bill and switching off unnecessary devices (economic comfort, 95% confidence interval). Personal norms appear very significant and positive (99% confidence interval) for all three conservation actions.
Type and energy label of residence emerge as important factors in conserving on heating/cooling (C2): people living in houses are more likely turn down the heating compared to people living in apartments. The worse the energy label, the higher the energy leakage and the more people try to conserve their energy use by reducing heating/cooling. Consequently, residences with low energy labels potentially have more energy leakage leading to growth in energy consumption and bills. To save energy and money, households either should invest in insulation ( Table 6 ) or save energy by turning down the heating/cooling system and adapting to less comfortable temperatures.
In summary, the likelihood of households conserving energy (C1-C3) correlates with personal norms and the type, energy label, and age of their residences.
Factors affecting the probability of a household switching energy providers
Switching to another green provider (S2) correlates significantly with the country ( Table 8, 
%99). This result could reflect greater market competition between providers in Netherlands.
Education plays an important role in the transition to green energies (S1, S2): households with higher levels of education are more likely to switch (95% confidence interval). In addition, this is the only place where we capture the correlation between income and household decisions (S3): lower income groups are more likely to switch to conventional providers. This result can be explained by these households seeking lower costs, which are still found with conventional energy providers. Personal norms appear significant (95% confidence interval) for switching to another green energy provider: households switching to greener energy have higher personal norms.
Regarding the residence characteristics, age and energy rating come out as important. Owners of older buildings are more likely to switch to another green provider (99% confidence interval). Residences with a Note: * refers to 10% significance level, ** refers to 5% significance level, and *** refers to 1% significance level. lower energy label rating tend to switch to a green provider (95% confidence interval). The decisions to switch to a green provider (S1) and from one green provider to another (S2) tend to have quite similar types of explanatory variables. However, in switching to another green provider, personal norms play an important role.
Predicted probabilities of individual actions
To follow the socio-demographic, structural, and behavioral factors' magnitudes, we tested the marginal effect across a range of their values (Section 3.3). Among all factors, personal norms and education demonstrated significant results. Also, the regression analysis (Sections 4.3.1-4.3.3) unanimously showed the importance of these two factors. Fig. 4 illustrates the effect of personal norms and education levels on nine household behaviors (I1-3, C1-3, S1-3).
A higher level of personal norms increases the probability of energy investments (I1-3, blue lines), conservation (C1-3, orange lines), and switching to green providers (S1 and S2, green lines), in contrast to switching to another conventional supplier (S3, light green line). This result clearly shows that an increase in the level of personal norms leads to a large increase in the probabilities of transition to a low-carbon economy.
Limitations
It should be noted there is a chance of social-desirability bias in social science research. This bias comes from over reporting a good behaviour. There is a tendency of respondents to answer questions in a manner that will be viewed favorably by others. However, we minimized self-reported bias by carefully design and validate questions one by one and as a set of questions, and also using skills and experiences of a survey company team in validating and conducting this survey (Section 3.1 and 3.2).
In this research we focused on households energy use at home (electricity and heating/cooling). It might be interesting to look at the full household footprint shaped by energy use at home, dietary choices Table 8 Probit regression on switching (PR.III). Dependent variables: switching supplier -from gray to green, from green to another green, from Gray to another conventional provider (N = 1790). Note: * refers to 10% significance level, ** refers to 5% significance level, and *** refers to 1% significance level. and transportation modes preferred by people. However, the latter two are entirely different types of choices and both well studied in the respective scientific communities. For example, transportation choice is contingent on the availability of public infrastructure, location of jobs relative to individual residences, and frequency of commute either for work or for leisure [13, 16, [105] [106] [107] . Food choices may be contingent on rigid cultural traditions as well as availability of non-meat based options. Therefore, individual factors shaping transportation and dietary choices are likely to be different compared to households' energy use, which make it difficult to study within one survey in depth.
Conclusions and policy implications
This article offers a strong evidence of the importance of behavioral factors in making energy-related decisions and in promoting behavioral solutions for climate change mitigation in Europe. We develop a conceptual framework rooted in behavioral theories from psychology and designed a questionnaire based on it. By using our survey data we quantitatively investigate the relevance of behavioral factors in this framework (Section 4.2). Several behavioral factors (e.g., knowledge and awareness) influence personal norms: the higher the level of knowledge and awareness about environmental and climate issues, the higher the level of personal norms. The impact of societal institutional rules -cultural, fiscal, and regulatory -on individuals is inevitable, as confirmed by the significant difference between the two countries analyzed. Moreover, households are not making decisions in isolation: they are prone to the influence of interactions with peers in their social networks. In fact, social norms have an essential role in shaping individual decisions [75] [76] [77] . Together, personal and social norms can drive individuals to make energy-efficient decisions. Literature also indicates that behavioural factors are positively related to household energy use and conservation [35, 70, 78] , willingness to switch to green (er) provider [79] , and other pro-environmental behaviors such as recycling and fuel conservation [80] . Bamberg and Möser in their metaanalysis found a relatively strong correlation between social norms and pro-environmental behavior (r = 0.31), as well as personal norms and pro-environmental behavior (r = 0.39) [53] . Chen et al. study low-income households energy conservations intentions and conclude households behavioral factor such as personal attitude and social norms have a positive impact (99% confidence interval) on energy-conservation (C) decisions [35] .
We quantitatively assess nine different energy-related actions and their dependence not only on behavioral factors but also on socio-demographic and structural dwelling factors. Among dwelling characteristics, the type, size, and age of the residence have a strong influence on energy investments and conservation. As expected, people living in houses, compared to those in apartments, are more eager to pursue large investments and have an extra incentive to save energy by turning down the heater / air conditioner. The findings of earlier studies also confirm that dwelling characteristics such as size, type and age of residence are important determinants for the homeowners' energy decisions [20, 28, 30, 31, [81] [82] [83] [84] . Nair et al. in their study of Swedish residential buildings found that owners of older houses may be more inclined to adopt because old houses may be in physically or aesthetically poor condition, requiring the installation of new building envelope components [81] . Heinonen and Junnila demonstrated while on a household level the detached housing appears to be by far the most energy intensive, the differences are greatly reduced when the differences in household sizes are taken into account [84] .
Analysis of socio-demographic factors highlights the role of education in household energy-related decisions, particularly in energy investments and in switching to green energy sources. Educated households are more active in improving their energy efficiency in both case studies. A higher level of education enables more insight, knowledge, and awareness of environment-climate-energy issues, which all consequently affect personal norms and lead to behavior change. While majority of studies in the literature, confirm the positive impact of education on household's pro-environmental decision [20, 21, 28, 30, 31, 81, [85] [86] [87] [88] [89] , there are a few exceptions, which reported education has no significant impact on particular energy-related behavior, e.g. light bulb replacement choices [19, 90, 91] .
The comparative analysis between two countries allows us to validate the conceptual framework by testing the relation of behavioral factors across contexts (Section 4.2). The country dummy serves as a proxy to capture to what extent differences in institutional, cultural and climatic factors affect households' energy choices. Namely, our analysis shows that Dutch households are more active in investing in house insulation (I1) and in installing PVs (I2). However, Spanish households pioneer in energy conservation by changing daily habits (C1, C3). We also find that switching to another green provider (S2) correlates significantly with the country which could reflect greater market competition between green providers in Netherlands. The importance of spatial and geographical location is strongly acknowledged in the literature [19, 21, 31, 35, 60, 81, 92] . Mill highlights a great deal of country heterogeneity in household energy-efficient technology adoption, energy conservation practices, and attitudes towards energy savings [21] . Chen et al. analyzed several cities in five climate zones in China and found that space cooling equipment is more widely used in Hong Kong, Shanghai, and Changsha due to the high outdoor temperature and much more electricity is used consequently [92] . She proved this hypothesis later in another empirical study [35] . Nair et al. argue geographical location may influence homeowners' preference towards energy actions due to the influence of the local governments' activities to promote energy efficiency measures [81] .
While policies potentially act as an important external (top-down) driver/barrier in households' energy decision-making in climate-energy studies, the role and influence of bottom-up drivers such as household sociodemographic characteristics, their structural and psychological factors in climate change mitigation movements are inevitable. To conclude, our research empirically investigates the bottom-up drivers and barriers behind households' energy use choices and clearly demonstrates that behavioral factors, next to structural factors and education, play at least as important a role in energy decisions as monetary factors such as income. This result has implications for the type of governmental regulations and policies that can be implemented to facilitate the green energy transition. In particular, policies such as the provision of targeted information and social advertisements for the broader public in combination with education to create more knowledge and awareness in the longer run could accompany and reinforce the effectiveness of other stimuli such as subsidies. Including special topics in educational programs can help to change the level of understanding, awareness, and individual norms of households. These socalled nudging or soft policy measures may prove more effective in promoting green energy solutions implemented by households compared to fiscal policy measures alone. In addition, series of regulation and policy can be implemented to support infrastructure development and overcome physical barriers. Particularly, policies and regulation to support local initiatives and collective investments in order to provide opportunities for renters or people who lives in apartment to invest on green energies as well. Therefore, a variety of policy instruments should be used with combinations of various financial, social, and other instruments in the policy mix complementing and reinforcing each other.
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Appendix 1
Appendix 2
Following Tables A2.2-4, in complementation of Table 4 , show what is the main behavioral items in multi-stage household decision-making process -knowledge activation, motivation, and consideration-and how we measured each of these items. All items measured on a 7 score Likert scale. To measure each of these items we rely following questions, inspired by the standard measures used in the behavioral literature.
Knowledge is measured as a combination of the three main items: Climate-Energy-Economy Knowledge (CEEK), Climate-Energy-Economy Awareness (CEEA), and Energy Decision Awareness (EDA) (see Fig. 1 ). Table A2 .2 shows example questions of each knowledge activation items. Please note there are several statements are scientifically correct to "disagree" and this is carefully considered during analysis (swap the scores). Table 4 reports mean and standard deviation these items among the survey respondents in both case studies. Motivation is consist of Personal norms (PN) and Social norms (SN) psychological factors. Personal norms are attached to the self-concept and experienced as feelings of a moral obligation to perform a certain behavior [24, 41, 43, 73, 103] ; while Social norms are determined by the perceived social pressure from others for an individual to behave in a certain manner and their motivation to comply with those people's views [24, 75, 77, 104] . Table A2 .3 brings example questions that we asked to measure PN and SN. The main psychological factor of the consideration stage is perceived the effect of environmental issues on human health is worse than we realize. environmental issues, even in one region, affect other regions. environmental impacts are frequently overstated. environmental issues like climate change is caused by our use of fossil fuels. protecting the environment is a means of stimulating economic growth. nature is fragile and if we don't take care of it properly, it could destabilize. Energy Decision Awareness I believe that my energy source choice (renewables or fossil fuels) has an impact on the environment. I think avoiding fossil fuels use will help solve wider environmental issues. all items measured with Likert scales with labelled end-points (1 = "totally disagree" and 7 = "totally agree"). the effect of environmental issues on human health is worse than we realize. I can help solve environmental, climate and energy problems. when I use fossil fuels, there are greenhouse gasses emitted which threaten human health. every time we use coal, oil or gas, we contribute to climate change. Reducing my energy consumption is a personal willingness and self-motivation Social Norms ⁎⁎ I will reduce my energy consumption if … more practical information on how to reduce energy consumption at home funding out that my households uses more energy than similar households public labels which neighbors can see encouragement or actions of friends and family encouragement or actions of group/associations that I am part of them Governmental policies and subsidies (i.e. municipalities, provincial, national level) ⁎ all items measured with Likert scales with labelled end-points (1 = "totally disagree" and 7 = "totally agree"). ⁎⁎ all items measured with Likert scales with labelled end-points (1 = "not important" and 7 = "very important"). behavior control (see Fig. 1 ) which is differ in three actions (PBC1, PBC2, PBC3). PBC is refer to own perception of her ability to perform an action or change behavior [24, 54, 103] . Table A2 . 4 shows example questions that we asked households to measure their PBC based on three actions.
